Introduction
Rare B meson decays, induced by flavor-changing neutral current (FCNC) b → s, d transitions, are excellent places to search for new physics because they appear at the same order as the standard model (SM). In rare B meson decays, effects of the new physics may appear in two different manners, either through the new contributions to the Wilson coefficients existing in the SM or through the new structures in the effective Hamiltonian which are absent in the SM.
There have been many investigations of the new physics through the study of rare radiative, leptonic and semileptonic decays of B u,d,s mesons induced by FCNC transitions of b → s, d [1] since the CLEO observation of b → s γ [2] . The studies will be even more complete if similar decays for B c are also included.
The study of the B c meson is by itself quite interesting too, due to its outstanding features [3] - [5] . It is the lowest bound state of two heavy quarks (b and c) with explicit flavor that can be compared with the charmonium (cc-bound state) and bottomium (bbbound state) which have implicit flavor. The implicit-flavor states decay strongly and electromagnetically whereas the B c meson decays weakly. The major difference between the weak decay properties of B c and B u,d,s is that those of the latter ones are described very well in the framework of the heavy quark limit, which gives some relations between the form factors of the physical process. In case of B c meson, the heavy flavor and spin symmetries must be reconsidered because both b and c are heavy.
From the experimental side, the running B factories in KEK and SLAC continue to collect data samples and encourage the study of rare B meson decays. It is believed that in future experiments at hadronic colliders, such as the BTeV and LHC-B most of rare B c decays should be accessible.
One of the efficient ways in establishing new physics beyond the SM is the measurement of the lepton polarization [7] - [16] . In this work we present a study of the branching ratio and lepton polarizations in the exclusive B c → D * s ℓ + ℓ − (ℓ = µ, τ ) decay for a general form of the effective Hamiltonian including all possible form of interactions in a model independent way without forcing concrete values for the Wilson coefficients corresponding to any specific model.
It is well known that the theoretical study of the inclusive decays is rather easy but their experimental investigation is difficult. However for the exclusive decays the situation is contrary to the inclusive case, i.e., their experimental detection is very easy but theoretical investigation has its own drawbacks. This is due to the fact that for description of the exclusive decay form factors, i.e., the matrix elements of the effective Hamiltonian between initial and final meson states, are needed. This problem is related to the nonperturbative sector of the QCD and and it can only be solved in framework of the nonperturbative approaches.
These matrix elements have been studied in framework of different approaches, such as light front, constituent quark models [5] , and a relativistic quark model proposed in ref. [6] . In this work we will use the weak decay form factors calculated in ref. [6] .
The paper is organized as follows. In section 2, we first give the effective Hamiltonian for the quark level process b → sℓ + ℓ − and the definitions of the form factors, and then introduce the corresponding matrix element. In section 3, we present the model independent expressions for the longitudinal, transversal and normal polarizations of leptons. We also give the lepton-antilepton combined asymmetries. Section 4 is devoted to the numerical analysis and discussion of our results.
Effective Hamiltonian
In the standard effective Hamiltonian approach, the B c → D * s ℓ + ℓ − decay is described at the quark level by the b → sℓ + ℓ − process, which can be written in terms of twelve model independent four-Fermi interactions as follows [11] ,
where the chiral projection operators L and R in (1) are defined as
and C X are the coefficients of the four-Fermi interactions. The coefficients, C SL and C BR , are the nonlocal Fermi interactions which correspond to −2m s C ef f 7
and −2m b C ef f 7
in the SM, respectively. The following four terms in Eq. (1) are the vector type interactions with coefficients C LL , C LR , C RL and C RR . Two of these vector interactions containing C tot LL and C tot LR already exist in the SM in combinations of the form (C ef f 9 − C 10 ) and (C ef f 9 + C 10 ). Therefore we write
so that C tot LL and C tot LR describe the sum of the contributions from SM and the new physics. The terms with coefficients C LRLR , C RLLR , C LRRL and C RLRL describe the scalar type interactions. The remaining two terms with the coefficients C T and C T E describe the tensor type interactions.
After giving the general form of four-Fermi interaction for the b → sℓ + ℓ − transition, we now need to estimate the matrix element for the B c → D * s ℓ + ℓ − decay. These can be expressed in term of invariant form factors as follows:
where
is the momentum transfer and ε is the polarization vector of D * s meson. The matrix element D * s |s(1 ± γ 5 )b| B is calculated by contracting both sides of Eq. (2) with q µ and using equation of motion. By using Eqs. (1)- (5), we can now write the matrix element of the
3 Lepton polarizations
We now like to calculate the final lepton polarizations for the B c → D * s ℓ + ℓ − decay. For this we will use the convention followed by the earlier works, such as [10] , [11] and define the following orthogonal unit vectors, S 
where p ± and p are the three momenta of ℓ ± and D * s meson in the center of mass (CM) frame of the ℓ + ℓ − system, respectively. The longitudinal unit vectors
while vectors of perpendicular directions are not changed by boost.
The differential decay rate of the B c → D * s ℓ + ℓ − decay for any spin direction n ± of the ℓ ± can be written in the following form
where n ± is the unit vector in the ℓ ± rest frame and s = q 2 /m 2 Bc . Here, the superscripts + and − correspond to ℓ + and ℓ − cases, the subscript 0 corresponds to the unpolarized decay rate, whose explicit form is given by
,
is the lepton velocity.
The polarizations P ± L , P ± T and P ± N in Eq. (10) are defined by the equation
T represents the charged lepton ℓ ± longitudinal and transversal asymmetries in the decay plane, respectively, and P ± N is the normal component to both of them. After some lengthy algebra, we get for the longitudinal polarization of the ℓ
where ∆ is the term inside curly brackets of Eq. (11) . Similarly, we find for the transverse polarization P
and
Finally for normal asymmetries we get
From Eqs. (12)- (16), we observe that for longitudinal and normal polarizations, the difference between ℓ + and ℓ − lepton asymmetries results from the scalar and tensor type interactions. Similar situation takes place for transverse polarization asymmetries in the m ℓ → 0 limit. From this, we can conclude that their experimental study may provide essential information about new physics.
Another source of useful information about new physics can be a combined analysis of the lepton and antilepton polarizations, since in the SM P 
For the case of transverse polarization, it is the difference of the lepton and antilepton polarizations that is relevant and it can be calculated from Eqs. (13) and (14)
In the same manner it follows from Eqs. (15) and (16)
It can be seen from Eq. (17) Before going into the details of our numerical analysis we like to note a final point about the numerical calculations of the polarization asymmetries. As seen from the Eqs. (12)- (19), all the expressions of the lepton polarizations depend on both s = q 2 /m 2 Bc and the new Wilson coefficients. However, it may be experimentally easier to study the dependence of the polarizations of each lepton on the new Wilson coefficients only. For this reason we eliminate s dependence by considering their averaged forms over the allowed kinematical region. The averaged lepton polarizations are defined as
Numerical analysis and discussion
We here present our numerical analysis about the branching ratios and averaged polarization asymmetries < P 
The values of the individual Wilson coefficients that appear in the SM are listed in Table  (1) . The values for the mass and the lifetime of the B c meson given above in Eq. (21) were reported by CDF Collaboration [18] . Recently, CDF quoted a new value m Bc = 6.2857 ± 0.0053 ± 0.0012 GeV [19] . Also, D0 has observed B c and reported the preliminary results m Bc = 5.95
+0.14 −0.13 ± 0.34 GeV and τ Bc = 0.45
−0.10 ± 0.12 [20] . However, we observed that our numerical results are not sensitive to the numerical values of m Bc more than 3−5%.
C 9 C 10 −0.248 +1.107 +0.011 −0.026 +0.007 −0.031 −0.313 +4.344 −4.624 also receives long-distance contributions due to conversion of the realcc into lepton pair ℓ + ℓ − and they are usually absorbed into a redefinition of the short-distance Wilson coefficients:
where 
where the phenomenological parameter κ is usually taken as ∼ 2.3.
As for the values of the new Wilson coefficients, they are the free parameters in this work, but it is possible to establish ranges out of experimentally measured branching ratios of the semileptonic and also purely leptonic rare B-meson decays
reported by Belle and Babar collaborations [23] . It is now also available an upper bound of pure leptonic rare B-decays in the B 0 → µ + µ − mode [24] :
Being in accordance with this upper limit and also the above mentioned measurements of the branching ratios for the semileptonic rare B-decays, we take in this work all new Wilson coefficients as real and varying in the region −4 ≤ C X ≤ 4.
Among the new Wilson coefficients that appear in Eq. (1), those related to the helicityflipped counter-parts of the SM operators, namely, C RL and C RR , vanish in all models with minimal flavor violation in the limit m s → 0. However, there are some MSSM scenarios in which there are finite contributions from these vector operators even for a vanishing s-quark mass. In addition, scalar type interactions can also contribute through the neutral Higgs diagrams in e.g. multi-Higgs doublet models and MSSM for some regions of the parameter spaces of the related models. In literature there exists studies to establish ranges out of constraints under various precision measurements for these coefficients (see e.g. [25] ) and our choice for the range of the new Wilson coefficients are in agreement with these calculations.
To make some numerical predictions, we also need the explicit forms of the form factors A 0 , A + , A − , V, a 0 , a + and g. In our work we have used the results of [6] , in which q 2 dependencies of the form factors are given as
where the values of parameters F (0), a and b for the B c → D * s decay are listed in Table 2 . Table 2 : B c meson decay form factors in a relativistic constituent quark model.
We present the results of our analysis in a series of figures. Before the discussion of these figures, we give our SM predictions for the longitudinal, transverse and the normal components of the lepton polarizations for B c → D * s ℓ + ℓ − decay for µ (τ ) channel for reference:
Figs. (1) and (2) Figs. (5) and (6) are the same as Figs. (3) and (4) (7) and (8), we present the dependence of averaged transverse polarization < P Figs. (9) and (10) are the same as Figs. (7) and (8) Figs. (13) and (14) are the same as Figs. (11) and (12), but for B c → D * s τ + τ − . We first note that as being opposite to the muon final state case, here < P − N > depends on all types of interactions although dependence on tensor interaction is stronger. We also observe that In conclusion, we present the most general analysis of the lepton polarization asymmetries in the rare B c → D * s ℓ + ℓ − decay using the general, model independent form of the effective Hamiltonian. The dependence of the longitudinal, transversal and normal polarization asymmetries of ℓ − and their combined asymmetries on the new Wilson coefficients are studied. It is found that the lepton polarization asymmetries are very sensitive to the existence of the tensor and scalar type interactions. Moreover, < P T > and < P N > change their signs as the new Wilson coefficients vary in the region of interest. This conclusion is valid also for the combined polarization effects < P 
